Background N osocomial infections and antibiotic-resistant pathogens cause significant morbidity, mortality, and economic costs. The infection surveillance and control resources and activities in Canadian acute care hospitals had not been assessed in 20 years.
Methods: In 2000, surveys were mailed to infection control programs in all Canadian hospitals with more than 80 acute care beds. The survey 'was modeled after the US Study on the Efficacy of Nosocomial Infection Control instrument, with new items dealing with resistant pathogens and computerization. Surveillance and control indices were calculated.
Results: One hundred seventy-two of238 (72.3%) hospitals responded. In 42.1 % of hospitals, there was fewer than one infection control practitioner per 250 beds. Just 60% of infection control programs had physicians or doctoral professionals with infection control training who provided services. The median surveillance index was 65.6/100, and the median control index was 60.5/100. Surgical site infection rates were reported to individual surgeons in only 36.8% of hospitals.
Conclusions: There were deficits in the identified components of effective infection control programs. Greater investment in resources is needed to meet recommended standards and thereby reduce morbidity, mortality, and expense associated with nosocomial infections and antibiotic-resis- Health Canada. One goal of the CNISP is to provide data to be used in the development of national guidelines to reduce nosocomial infections. As part of this effort, we assessed the resources and activities directed toward the prevention and control of nosocomial infections in acute care hospitals across Canada.
Methods
In the fall of2000, a survey was sent to infection control programs in the 238 acute care hospitals in Canada that were identified as having more than 80 acute care beds. A list of eligible hospitals was compiled from listings provided by CNISP, the Canadian Health Facilities Directory,14 Surveillance Provinciale Des Infections N osocomiales, 11 and the Community and Hospital Infection Control Association (CHICA) Canada. The survey was sent to the staff member most responsible for the infection control program and was to be completed for either the 1999 calendar or fiscal year. If one infection control program was responsible for more than one institution in a larger health organization, aggregated data were accepted if data for individual hospitals were not available. The survey package included a bilingual cover letter and survey. Advertisements in the Canadian Journal of Infection Control and on the CHICA-Canada Website, '" memos to CHICA~Canada chapter presidents, reminder postcards, and a second mailing were used to optimize response.
Instrument
The survey was designed to assess personnel, laboratory, computer, and reference resources and surveillance and control activities of the infection control program ( Table 1 ). The survey was mode led after the SENIC instrument, Table 1 . Items included in the resources for infection control in . hospitals survey questionnaire Table 1 -continued with the addition of new items dealing with resistant microorganisms and computerization.IS From the scores assigned to responses to the surveillance and control items, composite indices were calculated. Indices were adjusted for the number and qualifications ofICPs and physicians directly involved in the infection control program, as in SENIC. 15 Secretarial support was incorporated into the human resources adjustment factors. The surveillance and control indices were designed such that 0 (zero) indicated no effective surveillance and control activities were being performed and that 100 indicated all effective activities were being performed.8'9 The questionnaire and index formulae can.be viewed at the Kingston General Hospital, Infection Control Service, Website at www.path.queensu.ca/iclrich.htm.
Statistical analysis
Data were arialyzed with use of StatView Version 5.0 (SAS Institute, Cary, NC). Descriptive statistics were predominately used to present the data. The effect of hospital size and teaching status on surveillance and control indices was tested with multivariate analysis of variance, and the conservative Scheffe F test was used fbr'filultiple comparisons.16. 17 The relationships of resources and surveillance and control 
Results

Respondent hospitals' characteristics
The response rate was 72.3%; 147 surveys were received, representing 172 of 238 eligible facilities. Fifteen surveys were received from larger health organizations that represented up to four eligible hospitals. Two surveys were not included in the analysis because of incomplete information. Hospitals owned and/or operated by larger entities comprised 90 of 143 (62.9%) of the sample. One third of infection control programs, 45 of 138 (32.6%), had direct responsibility for more than one acute health care facility.
The mean number of acute care beds per hospital was 292.5 (SD = 237.6), with a range of79 to 1978 and a median of 230. All respondent hospitals had surgical services, including the following: 98.6% offered general/ gastrointestinal, 92.3% gynecologic, 92.3% urologic, 87.9% joint replacement, 28.6% neurosurgery, and 26.2% cardiac surgery. The mean number of overnight and day surgeries per 250 beds per year was 11,388.9"(SD= 5415.1), and the median was 10,264.4.
Human resources
The mean number ofICP FTEs per 250 beds was 1.1(SD = 0.5), and the median was 1.04.There were fewer than 1 FTE ICP per 250 beds in 42.1% of hospitals, and 80% had fewer than 1 FTE ICP per 175 beds. Most ICPs were nurses (87.8%, 201 of229), and 9.6% (22 of 229) were medical laboratory technologists.Only a little more than half ofICPs (55.5%, 127 of 229) were certifiedby the CertificationBoard of Infection Control. ICPs spent more time on surveillance(30.4%, SD = 14.1)than any other activity (Table2). Table 2 . Distribution of infection control program-related activities ofICPs, physicians, and doctoral professionals~. _-Physician or doctoral professional services were not provided to infection control programs in 41 of 145 (28.3%) hospitals. Of hospitals with physician or doctoral involvement, 87 of the 104 (83.7%) hospitals had physicians with infectious disease or medical microbiology specialty qualifications and/or physicians and doctoral personnel with formal training in infection control. Eleven of 12 doctoral professionals were microbiologists. The following methods of remuneration were reported for 106 physicians and doctoral personnel: 57 (53.8%) received salary, 12 (11.3%) were paid in kind, and 37 (34.9%) received no remuneration. The mean number of physician/doctoral hours per 250 beds for hospitals with physician or doctoral involvement was 6.7 (SD = 8) hours per week, with a median of3.9. Almost half of physician and doctoral time provided to infection control programs was spent attending meetings (25.6%, SD = 21.1) and engaging in surveillance activities (21.5%, SD = 21.5) (see Table 2 ). Secretarial support for infection control was present in 100 of 145 (69%) hospitals. In hospitals with secretarial service, mean support was 9.1 (SD = 10.7) hours per week per 250 beds, with a median of 4.6.
Laboratory, computer, and reference resources
Almost all infection control programs (142 of 145,97.9%) had access to microbiology laboratory services that provided daily reports on cultures, and the same number could get cultures performed for evaluating possible outbreaks.
ICPs used computers for tabulating infection data and preparing reports in 97 of 145 (66.9%) hospitals. Statistical or specialized infection control software was used by 57 of 145 (39.3%) hospitals.
The Canadian Communicable Diseases Report was the most common infection control relatedjoumal to which the hospitals subscribed (133 of 144,92.4%), followed by the American Journal Of Infection Control (120 of 144,82.8%) and Morbidity and Mortality WeeklyReports (108 of 144, 75%). Infection control staff members had access to at least one major infection control textbook in 96.5% of hospitals. A complete set of the current Health Canada guidelines on preventing nosocomial infections in acute care hospitals was held by only 80.4%. Access to the Internet was available in 93.8% of programs, and medical literature abstraction service was available in 95.2% of programs.
Surveillance activities and policies
The surveillance index was composed of23 items related to the collection and dissemination of nosocomial infection and antibiotic-resistance data. The mean index score of 143 of 145 hospitals was 61.7/100 (SD = 18.5), and the median score was 65.6 (Fig 1) .
Systematic surveillance activities were reported by 133 of 145 (91.7%) hospitals. In 101 of 144 (70.1%) hospitals, infection rates were calculated for particular anatomic sites or medical devices (eg, ventilator-associated pneumonia). Infection rates by individual wards; nursing units, or services Review of microbiology reports was the most commonly used case-finding method, and medical record chart abstraction was the least common method (Table 3 ). Only 83 of 139 (59.7%) hospitals compared their surveillance with published data or benchmarks. 
Control activities and policies
The control index consisted of 44 items related to activities directed toward the reduction of nosocomial infections and patient colonization by resistant pathogens. The mean index score for 143 of 145 hospitals was 60.8/100 (SD = 14.6), with a median of 60.5 (see Fig 1) .
Almost all hospitals (142 of 145,97.9%) had infection control manuals. Programs for teaching and updating staff on infection control practices were present in 119 of 143 (83.2%) hospitals; however, only 34 of 145 (23.5%) had similar programs for medical staff. Attendance records were kept at 117 of 145 (80.1%) hospitals, and teaching effectiveness was monitored in 65 of 144 (45.1%). Infection surveillance data were routinely communicated to staff in 99 of 144 (68.8%) hospitals.
Policies regarding isolation precautions for patients with VRE existed in 99.3% of hospitals, MRSA in 98.6%, and diarrhea associated with C. difficile in 80% (Table4). Infection control had the direct authority to close a ward or unit to further admissions because of outbreaks in 96 of 144 (73.6%) hospitals and to have a patient placed in isolation in 141 of 145 (97.2%) hospitals.
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The infection control program reviewed and approved policies developed in the employee health program related to the transmission of infections in 115 of 142 (81 %) hospitals. During the last formal hospital accreditation, there was representation by the infection control program on accreditation teams/committees in 142 of 145 (97.9%) hospitals.
The effect of hospital size and teaching status on surveillance and control indices
Hospitals were divided into quartiles on the basis of the number of acute care beds. Surveillance scores were not influenced by hospital size (F = 0.5, P = .7). Hospital size had an effect on control index scores (F = 3.2, P = .03). The largest hospitals (377 to 1978 beds) had greater control scores than did the smallest (79 to 139beds) (P = .0002), small to medium (142 to 228 beds) (P = .06), and medium to large hospitals (230 to 373 beds) (P = .02). Teaching hospitals had greater surveillance (F = 6.8, P = .01) and control scores (F = 4.2, P = .04) than did non-teaching hospitals.
.,
Correlation of resources with surveillance and control indices
For correlations discussed in this section, the surveillance and control indices were not adjusted for human resources. The surveillance and control indices were correlated . (r = 0.53, P > .0001). ICP complement and certification, computerization of surveillance functions, and reference materials were positively related to surveillance scores ( Table 5 ). ICP certification, computerization, and references were positively related to control scores (see Table 5 ). 
Discussion
This is the first comprehensive exammation of the status of infection control programs in acute care hospitals in Canada in 20 years. The high response rate to this survey permits Canada wide generalizations to medium and large acute care hospitals.
Methodologic differences between earlier Canadian surveys and this survey hindered direct comparisons; however, some conclusions can be drawn. [18] [19] [20] In 1981, 88.1 % of general hospitals with more than 99 beds and teaching hospitals engaged in surveillance, whereas in this survey, all but one respondent hospital engaged in surveillance.18 ICP staffing levels in the 1980s were considerably less than that recommended by SENIC and 12% of acute care hospitals with more than 200 beds had no ICP.18-20 Although there have 0 \r") 0 Surveillance .Cont rol 10 20 30 40 been improvements in the interim and all hospitals in this survey have ICPs, 40% of infection control programs had fewer ICPs than that recommended by SENIC,8-9and 80% did not meet Canadian recommendations. 13 In our survey, 40% of Canadian hospitals did not have physicians or doctoral professionals with infection control training who provided service to the infection control program, yet this is viewed as a key requirement of infection control programs.I-8-l0Expert panels have recommended secretarial services for infection control programs; however, only 69% of Canadian hospitals presently have such support.1Q. -13 There also were significant computer and reference resource deficits. One third of infection control programs did not use computers to tabulate data and prepare reports, and a majority did not use statistical software, although these resources have been judged as being essentia1.1oOne fifth of programs did not have a complete set of the current Health Canada guidelines on preventing nosocomial infections in acute care hospitals.
Intensive surveillance and intensive control activities were shown to be the most important factors in reducing nosocomial infections in the SENIC study.8-9Twenty-three percent of hospitals in our survey scored less than 50 on the surveillance index, indicating they were conducting fewer than half of recommended surveillance activities. Only 13% of hospitals conducted more than 80% of recommended surveillance activities. The figures were similar for control activities, with 21 % of hospitals scoring less than 50 on the control index and only 10% conducting more than 80% of recommended control activities.
ICPs and physicians were found to be spending considerably less than the recommended 50% of their time devoted to infection control engaged in surveillance. 13 Surveillance was heavily based on microbiology reports, whereas active patient and device-related clinical surveillance that is more informative was used less frequently. In some centers, surveillance was ineffective because it was not being reported to staff: only two thirds of hospitals routinely communicated The deficits in infection control programs across Canada identified in this study call for healthcare planners, facility administrators, and regulators to take stock of the resources available in our hospitals to prevent nosocomial infections. Current estimates are that between 30% and 50% of nosocomial infections are preventable,l-soI0-13 but to realize this level of prevention the resources must be put in place at each hospital. The cost benefit in terms of patient outcomes, morbidity, and mortality as well as direct and indirect economic costs are well established22-25and strongly support investments in infection control infrastructure. increased, and the need for infection control and prevention activities has become even more apparent. The Canadian Infection Prevention and Control Alliance has identified the need for at least three ICPs for a 500 bed acute care hospital (facilities with a transplant program and cardiac services which would require more resources) and one ICP per 150 to 250 long term care beds. However, in 2000, as identified in this study, the level of infection prevention and control in Canadian hospitals was still inadequate: (1) 48% of hospitals did not meet the minimal requirement of one ICP per 250 beds. This study also identifies the association between Certification in Infection Control (CIC) and a greater number of surveillance and as control activities. It also identifies an association between computerization of data and the availability of reference materials, and an increased level of surveillance and control activities. Administrators must makẽ vai1able the opportunity and resources needed for ICPs to obtain certification and give recognition to ICPs with certification. Resources must be allocated for computer hardware, software and technical support as well as textbooks, subscriptions to reference journals, and educational materials.
If a survey were taken today, perhaps even fewer ICPs would be performing surveillance and control activities than in 2000. In many facilities, these activities have unfortunately been dropped to make time for current, more urgent issues. Severe Acute Respiratory Syndrome (SARS) has been the number one concern for many ICP's in Canada for the past several months. Evaluation of the SARS response, and on-going planning for the possible re-emergence of SARS, bioterrorism, Influenza, West Nile virus, Creutzfeldt Jakob Disease, Antibiotic Resistant Organisms, and other emerging pathogens demand a great deal of attention. The number of trained professionals is inadequate, and Canadians must insist that federal, provincial and local resources are made available to develop the inftastructure that is needed to meet these current and future demands. 
Virox Technologies Patron Member National Education
Conference Scholarship
T hrough the financial support of the VlrOXTechnologies Partnership, 15 CRICA-Canada members were awarded scholarships to attend the 2003 National Education Conference in Thunder Bay. A total of$15,000 in scholarships for the 2003 conference was presented. CRICA-Canada and its members thank VlrOX Technologies for their initiativeto make the national education conference accessible to those who may not have otherwise been able to attend.
CHICA-Canada and VlrOX Technologies are pleased to announce that a 2004 National Education Conference Scholarship opportunity is available for members of CRICA-Canada.
Applications are to be submitted in writing to the Secretary/Membership Director of CRICA-Canada no later than January 23, 2004. Please mail applications to CRICA-Canada, PO Box 46125 RPO Westdale, Winnipeg MB R3R 3S3.
For more information and the application form, visit the CRICA-Canada website at www.chica.orgorthe The hard work of these chapters to increase their membership has paid offiCongratulations tothe chapters and to their members. 8 "~
